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INTRODUCTION

For many years California and many other states have been interested
in developing a procedure that would be an improved tool for measuring
the ability of aggregates to resimt degradation through impact,
abrasion, or weathering. A good portion of effort has been directed
toward a short term test that would replace the currently used Sodium
Sulfate Soundness Test, Developing such a test procedure becomes
complex. When you consider the wide range of materials used it is
extremely difficult, if not impossible, to £ind a single test
procedure that will apply to all materials., This is why we have

a "battery" of tests to qualify aggregates for use in concrete.

The Sodium Sulfate Soundness Test does measure some unigue property.
Some aggregates meet all other qualification requirements but

this one.

Numerous test procedures have been developed in an attempt to
evaluate the various properties of aggregates that relate to
durability. Many of theae tests have not proven effective and
therefore are no longer in use., Other investigators, after many
years of frustration, have concluded that no single test is likely
to ever be a satisfactory measure of durability.

The Sodium Sulfate Soundneas Test apparently had its beginning

in about 1847 with the development of a "scientific" method of
demonstrating the superiority of a stone to be used in construction
of the Smithsonian(l). A Dr. Charles Page began a series of

tests to "substitute the crystallization of the sulphate of

soda for the freezing of water - - -," fThe present test was
evidently a result of evolution, as well as the need to select
sound aggregate for use in concrete.
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'Wiéﬁ historical experience and dependence on the Sodium Sulfate
Soundness Test, our search for a new test to measure aggregate
durébility was somewhat influenced by a desire to find a
correlative test. Therefore, the Sodium Sulfate Soundess Test
Waaﬁused as a comparative measure of guality in most test
development studies made.

In California, the Sodium Sulfate Soundneags Test {Test Method

No. Calif, 214)(2) is generally used in prequalifying a particular

sou;ce of material, or periodically, to reevaluate a previously

approved mource. Due to the time involved in obtaining a result,

theiteat cannot be used for control of daily production. It
—,ia”ﬁaed indirectly for this purpose, however, in conjunction

with three plants that use benefication processes (heavy media and

Jlgglng) and stockpile procesaed aggregate. Without a daily check

on quallty these producers risk having 7-10 days production

belng rejected while awaiting results of soundness teats.

Obv;ously a gquicker test would be of great benefit in these

cases. The aggregate deposits with good records of low soundness

_teét losses present no serious risk to either the producer or

th§ congumer.

Following is a brief history of the procedures investigated

while gearching for an improved and acceptable measurxe of the
"dﬁrability“ charactetiatic of aggregates, Among other things,
-eagly_testing was performed using laboratory benefication systems
paﬁterned after two commercial processes unaed to upgrade aggre-
gates. One system utilized specific gravity differentials; the
other, the elastic modulus of the aggregate (elastic fractionation).
Slnce these systems were used commercially to improve the quality
of aggregate, it appeared that the same processes could be used
to;meaaure the guality of the end product.
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ELASTIC FRACTIONATION, 1958 - 1959

The first approach in our attempt to evaluate the durability

of aggregate utilized the elastic modulus of the aggregate.

In theory, hard elastic material will tend to bounce farther
than soft in-elastic material when dropped in a controlled
pattern on a hardened steel plate. Thus, the farther it bounces,
the better it is. Softer material, on the other hand, will tend
to deform or break when it hits the plate, and as a result,

have a relatively short bounce distance,

A laboratory model of an Elastic Fractionation plant was designed
and congtructed with technical assistance from the developer of
commercial equipment (Figure 1l). Samples of aggregate were
obtaféd that represented a cross—-gsection of the many types and
varying qualities that would be encountered in actual practice.
These aggragates covered a range of specific gravity, particle
shape, and geological classifications.

A river run gravel from a local source, and known to be of
average quality, was obtained as a reference aggregate. The
amount of soft, or low modulue particles in this source was

te Berve as a guide for comparison to other test aggregates.
The Los Angeles Abrasion Test was chosen for the comparative
measure of quality of the tests on the various sources of
aggregate, Samples were subjected to LA Abrasion testing

both before and after being subjacted to elastic fractionation.

Samples to be tested were placed in a feeder-hopper so they
could be dropped from a height of approximately eight feet onto
the impact area of a tilted asteel plate (see Figure 1), In the
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original model, a series of collector bins were placed at various
distances from the impact plate to collect the rebounding particles,
Later, only 3 bins were used, reject, recycle and product. Material
caught in the recycle bin during the first pass was recycled once
more, Initial testing was performed using primary sized aggregate
(1-1/2 x 3/4, etc.), but it was soon learned that a more effective
gseparation was obtained when each individual size was processed
gseparately (that is 1-1/2 x 1; 1 x 3/4; etc.). The main reason

was thHat the impact area was much higher on the tilted steel

plate for the larger particles than for the smaller ones. Thus

the various sized particles had a tendency to interfere with each
other. In testing each individual size separately, the feedexr -

in the hopper could be adjusted so that nearly all particles

struck the hardened steel impact plate at the designated "impact
line",

In testing aggregates consipting mostly of hard brittle materials,
such ag a quartz, considerable bre&kage of the aggregate occurred.
sufficient energy was used in the fracturing of the particles to
cause them to "fall short" near the "reject" end of the device.

As a result, some material known to be very hard and durable in use
ended up where only the soft unsound particles should have been.

The particle shape of the aggregates seemed to adversely affect

the test results, Both crushed particles and natural flat and
elongated particles of known sound material tended to accummulate

in the "reject bins" near the rebound plate., Some rounded particles
of known soft, poor quality materials were found to rebound and
accumulate farther from the bounce plate than some of the more
sound, crushed or misshaped particles.

Removal of poor quality material classified as "soft” did not
proportionately improve quality as measured by the LA Rattler

www . fastio.com
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| Test_fiART), A typicai sample selected for testing had initial
losses in the LA Rattler Teat of 17.6% after 100 revolutions and
58% after 500 revolutions. Removal of 20% of the "soft" particles
by Elastic Fractionation reduced the losses in the LA Rattler Test
to 16.2% and 54% respectively. Rejecting an additional 15% of
so-called "goft particles from the sample also did not result in
proportionate reduction of LART losses,

Evaluation of all test data obtained from our Elastic Fractionation
Testiﬂg indicated that although it may be a satisfactory system when
proceéaing ore which is predominately rounded in shape, there were
too mény problems when attempting to make a relatively "clean cut"
betweén gowud and poor concrete aggregate.

HEAVY MEDIA SEPARATION 1960 -~ 1961

‘The second attempt to measure aggregate durability involved the
principle of separation of lightweight material from heavier
material by floatation in a heavy (high specific gravity) liguid

or sciution._ Heavy Media Separation of sound and unsound particles
of aggregate can be effectively done on a commercial scale when

the gpecific gravity of the sound material is sufficiently dif-
ferent from that of the unsocund material.

The quality of the end product depends on the amount of difference
in thé gpecific gravities and can be varied as needed by adjust-
ments to a higher or lower specific gravity of the solution.
Howevér, within reasonable limits of separation, commercial heavy
mediaﬁplants cannot guarantee that the aggregate product produced
will pass the Sodium Sulfate Soundness Test, Sometimes even high
gpecific gravity particles can be "unsound" when evaluated by the
Sodium Sulfate Soundness Test.

ChihPDF - www.fastio.com


http://www.fastio.com/

ClibhPDF -

In order to help relieve the testing time problem a prbgram was
undertaken to find or develop a test procedure that would rapidly
determine the suitability of the end product. Production was
partly tied up in stockpiles of processed material awaiting the
results of soundness tests. The delay in obtaining the soundness
regults causes considerable inconvenience and delay, and some cost
to those producers, especially when test samples fail to meet
specified requirements. '

2 laboratory model of a heavy media system was constructed in an
attempt to utilize the relationship between the specific gravity
and quality of some aggregates, The commercial heavy media plants
utilize ferrosilicon and magnetites and water to achieve the high
specific gravity solutions. In these plants, the circulation and
recovery of the ferrosilicon and magnetite required an elaborate
system of expensive equipment congidered excessive for a laboratory
model. For laboratory tests, acetylene tetrabromide diluted with
carbon tetrachloride was used to create the heavy media solution.
This combination could easily be adjusted to produce specific
gravities from about 2.0 to 2.8.

One of the primary concerns in setting up the lab model was
operxator safety. The solutions selected are highly toxic, both
from breathing and from contact with the skin, Although toxicity
is most likely to occur from breathing the fumes, an operator
would undoubtedly find it far too unpleasant to inhale enough of
the fumes to be permanently harmful. fThe lab model was built in

a well ventilated room with a down-draft ventilator fan to remove
the toxic fumes which are heavier than air. Provisions were made
to process the materialé with as little chance of contact with the
skin as possible,

www fastio.com
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‘The ‘Sodium Sulfate Soundness Test was selected as the comparative
measﬁre of quality of the various test samples processed., It
was ﬁhis teat that usually ceontrolled the acceptance ox

rejeétion of the aggregate from all producers who used the heavy
medié'plants to beneficiate their products. It was also this
test?that we hoped to eliminate and our goal was to develop a
prdcé@ure, using our heavy media test, that would predict the
Sodiﬁm Sulfate Soundness loss in not more than 1 day.

To determine the effectiveness of our lab setup, we obtained, from
a cbﬁﬁercial heavy media plant, samples of their "pit=run", "float"
and~ﬁ§ink" materials as well as thé specific gravities of the
solutions that produced them. When these samples were processed
throﬁgh our plant at the same gravities, the results compared very
faVO£éb1Y'with those from the commercial plant as to the percentages
‘of float and sink materials.

The75§gregates selected for the preliminary development of this
pxocéaure weire from sources containing fairly high percentages
of sﬁéle and sandstone and with a record of high sodium sulfate
soundness test losses, These sources were selected as we knew
some ‘of the "problem" ‘aggregate particles had specific gravities
muchﬁlower than the "sound" particles in the pit.

To test the effects of the aggregate separation by gravity on
1mprQV1ng the quallty of the samples, sodium sulfate soundness
testa were performed on both pit run and beneficiated samples.
(Dupiicate ganples were prepared for soundness and heavy media
teété;) ‘A geologist adjusted the split samples so the percentage
df”sﬁale‘and-sandstone was the same in each duplicate sample.

The édjustment was made on each individual size in the samples,
that 'is the 1-1/2" x 1", 1" x 3/4", etc.

i) “
e
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From the various comparisons that were made, it was evident that
the results were affected not only by the percentage, but also by
the type of shale or sandstone. Equal percentages of "float" or
"reject" material did not always result in egqual soundness lozses.

Further study showed that in one source, material that could be
claseified as siltstone, shale or sandstone actually covered a
wide range of specific gravities and material composition, each
with a different reaction to the soundness test. The variation
encountered was an indication that a clear cut correlation between
Heavy Media Separation and sulfate Soundness loss could probably
not be achieved, at least not with the character of the material
being tested.

The heavy media process is presently used intermittently by two
aggregate producers in California. That the process upgrades the
quality of their product is beyond question. plant production
can be adjusted to produce aggregate that will meet our soundnesas
loss requirements, though there are still some minor problems.

At times, when it appears that a product should meet soundness
requirements, it fails to do so, even when the specific gravity
of the solution is held nearly constant. This is probably the
result of a situation similar to what we experienced with the
shale and sandstone; material very similar in some respects
reacting very differently to the test.

our goal to control plant production with laboratory type heavy
media test was not achieved. The failure was partly due to
anomalies that developed in the character of the particles
themselves. Another reason for abandoning further development
was the potential health hazard associated with the liguids used.
While a small ferrosilicon type plant could have been constructed,
costs and other factors caused us to look for other possible
gsolutions to the problem.

ClihPDF - www .fastio.com


http://www.fastio.com/

ChihPDF - www.fastio.com

" FREEZING AND THAWING OF AGGREGATE - 1963

The iﬁﬁernal pressure exerted on aggregates by the formation of
salt bryatals in the soundness test has long been compared to

the ptessures created when water in the aggregates turned to ice
duriné freezing. BSubjecting the aggregate particles to rapid
freazing and thawing cyclea appeared to offer a safe and rapid
procedure that could be used as an alternative to the more complex
and time consuming Sulfate Soundness Test.

Dupiicate samples were tested by both rapid freezing and thawing
cyecles and by the regular Sodium Sulfate Teat. The evaluation of
the ffeezing and thawing results was made by using the same
procedures specified in the Sulfate Soundness Test, Test Method
No. Célif. 214. After the specified number of freezing and thaw-
ing df soundness c¢ycles were completed, each size of aggregate
was s;eVed over a sieve with openings one-half the size of the
sievefon which the aggregate was originally retained when being
prepdied_for the test, In addition to testing "pit run" and
"product“ samples of aggregate from a plant using heavy media
separ%tion, test samples were "fabricated" with various percentages
of sh%le and sandstone to give a wide range of test values.

Tesgt iesults indicated there was little correlation between the
losse% resulting from equal numbers of cycles of sodium sulfate
exposﬁre and freezing and thawing. Increases in the percentage
of shﬁle in a sample generally resulted in increased soundness
loss,  but losses resultiné from the freezing and thawing test
“did nﬁt increase a proportionate amount,

L.
e R,

Agaiﬁ} the type of shales and sandstones iﬁ a sample seemed to
affed? the results(g)'as ﬁuch as the mere percentages of these
matafials. The type of breakdown of the different materials when
subjécted to the cycles of the twe test procedures also had a
direcdt relation to the indicated losses.
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For exanple, the shales when exposed to cycles of Sodium Sul-
fate Testing seemed to disintegrate into a type of "mud". This
permitted the material to eagily pags the half size sieve used
to determine test loss, thus indicating a high loss in the test.

In the freeze~thaw test however, similar shale particles separated
on cleavage planes into flat pieces that would be retained on the
half size sieve; thus indicating a lower loss in the test. By
increasing the number of freezing and thawing cycles, these flat
pieces could alac be reduced to the Eame‘type of "mud" as

resulted from the Sodium Soundness Test. This mud would now

pass the half size sieve indicating a higher loss. The additional
test cycles, howaver, would partly defeat the purpcse of the project
which was to develop a test preferably requiring no more than

1l day to complete.

This additional breakdown process did however result in a better
correlation ¢f the two tests.

DURABILITY INDEX, 1965

A test method (Test Method No, Calif., 229, Method of Test for
Durability Index) (2), had been developed that measured the
"durability" of base material aggregates in a matter of minutes.
Its application to highway construction was presented to the
Highway Research Board, January 1964(3). Evaluation of this
procedure as applied to concrete aggregate became the next step
in our search for a concrete aggregate durability test.

Previous research had established a relationship between the
Durability Index of Fine Aggregate (Df) (Test Method No. Calif.
229) and the Sodium sulfate Soundness loss of the fine material(4).
An alternative specification for fine concrete aggregate resulted
from this relationship. It is:

10
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‘Wrhe Sodium Sulfate Soundness requirement for fine
aggregate will be waived provided the durability
index (Df) of the fine aggregate is 60 or greater

when determined by Test Method No. Calif. 229."

The c@rrelation between soundness and the durability factor of fine

aggregates gave hope that a similar correlation existed for the
coarse aggregate,

In addition to special samples obtained for this project, routine
coarse aggregate samples that had been submitted for Sodium
Sulfaﬁe Soundneaé'teating were also tested for the Durability
Ihdex?Teét. "No correlation between tesgt results was found. It

appeared that the two procedures were measuring different aggre-

gate properties. The scope of the two test procedures would
indicgte they are intended to measure different types of

- degredation.

The Dﬁrability Index Test by definition is a procedure for
deterﬁining the relative resistance of an aggregate to producing
detrimental clay-like fines when subjected to the prescribed
methda of degradation; namely, agitation of the aggregate in

the presence of water., The degraded product produced is a very
fine %raihea material generated as the aggregates rub against
each other, - '

The deium'Sulfate Sbundnesa Test is a procedure to determine the
reaiéﬁance of an‘aggregate'to disintegration by alternate exposure
to a saturated solution of sodium sulfate and oven drying. The

'degradation of the aggregate can result in at least three distinct

produbts, all of which are found in aggregates tested from the

‘river valley where heavy media plants are in operation. Silt-

stdné?or”sandatone degraded into loose sandy particles; shales end

1l
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up either a looge mud-like material or flakes, depending on the
type and condition of the shalej poorly cemented granitic and
fissured rock will break into smaller but still sound particles.
The degradation products are relatively grainy as compared to the
fine, clay-like material generated by the Durability Index Test.
While the general approach appeared promising, it was obvious that
the Durability Test procedure would have to be changed if end
products (degradation) were to be similar.

Some thought was then given to developing a test that might apply
to a limited geographical area of the state even if no test could
be developed for statewide application.

Further efforts were then concentrated on development of a test
that would measure quality only of aggregate produced by
benaficiation, either heavy media or jigging. An additional
literature search disclosed some work by others in recent years
along the line of "durability teating”.

1, "Rattler Degradation'. (Degraded material from the L.A.
Rattlar Tegt ig used to determine liquid limit, plastic index,

sand ‘equivalent, and gradation.)

2. Compactor Degradation. (Material is degraded in a mechanical
compactor, then tested for sand equivalent and gradation.)

3. Olympia Degradation.(5) (Material in jars is degraded while
rolling on a Deval Abraaion machine, then abraded material is used

for sand eqguivalent and percent passing No, 10 and 200 sieves.)

4, Idaho Degradation. (Similar to Olympia Degradation.)

12
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5. 5, 'FreézeiTha%'Dégfédatién. (After subjecting samples to
freezing and thawing cycles, material is tested for percent
pasging No. 4, change in grading, sand equivalent, liguid limit,
plasﬁic index of passing No, 4.)

6. 'Dépt. of the Army - Engineering Tech, Letter 1110~2-40,
May 1968, An Accelerated Expansion Testing (Using ethelene
glycol) (7). |

Unfortunately not all of these tests were correlated with the
Sodium Sulfate Soundness Test nor did they appear to have any
similarity.

AUTOCLAVE DEGRADATION - 1971

CQnsideratiOn'once-again-focused on the mechanics of degradation
occurring during the Sodium Sulfate Soundness Test; the internal
pressure exerted by the salt solution in the pores and crevices
of the particles. A new procedure that produced a similar action
wasg éought for the next area of study.

In ajfreézihg and thawing type of test, part of the potential
preaéure that would be exerted by water expanding as it turns to
ice ié dissipated by the water migrating into small void spaces

-in the aggregate. In the Soundness Test, the pressure is exerted
by another mechanism so relief from internal pressures by migration
ig neot go likely. Better correlation of the two procedures might
regult if the expansion prespure from absorbed water could be
:made?to-occur instdntaneously.

13
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An autoclave used in testing portland cement was modified for a
proposed test program utilizing steam pressure. This apparatus
consipts of a chamber capable of maintaining a steam pressure of
300 psi at a temperature of 300°F. A special quick release’
valve wasg installed that would permit nearly instant release of
the pressure within the'autoclave. In theory, any water within
cracks or pores of a saturated aggregate sample within the

‘autoclave would instantly expand into steam as the pressure

was released. The ekpanaion would exert internal pressure on the
aggregate forcing the weaker particles to fracture. The loss was

to be determined on sieves with openings one-half the size of the
sieves on which the aggregate was originally retained when being
prepated for the test, the same procedure as specified for Soundness
Loss in Test Method No., Calif. 214. The degradation loss was also
determined by sieving over the same size sieve used to prepare

the sample, and over sieves with the next smaller openings. Some
typiéal values are shown in Appendix A.

The first indications were that good correlations between the
Autoclave Test and Soundness Test results were possible with only
slight modifications., After sieving to determine the test loss,

it was noted that many aggregate particles though partly fractured,
remained intact. A modification to obtain the total meparation

of the fractured particles appeared necessary to improve the
correlation,

The material, after being subjected to the autoclaving was placed
in a rotating drum containing rubber rollers to complete the
breakdown or separation of the fractured parxrticles. The
combination of procedures improved the correlation with the
soundnesa test.

For some time it was the practice to determine losses by sieving

the material after the autoclave portion of the test and again
after the rolling process. It was noted however, that the best

14
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correé etien”occurfed'eh sdmplee that had a major portion of the
meaeurable degradat;on take place during the rolling process.
This led to speculatlon that perhaps all that was necessary was

a modified LART or other impact type of test, Later studies
showed the initial fracturing that resulted from autoclaving

was neceeeary in order to achieve even fair correlation of
reeults. A brlef deecrlptlon of the autoclave test procedure
together with some typical results of this testing program is
found in Appendlx A. Comparatlvely speaklng, the time and effort
requlred to prepare and test a sample was the same as the Sulfate
Soundneee Test, except in the soaking and oven drying. This was
cone;dered excesszve and a better way was still needed.

When the resulta of a broad coverage of materials were examined,

1t Was agaln shown that satlefactory correlation could be found

only Wlth certain typea of material. Further pursuit of this

1dea appeared unproductlve, though the results did suggest some

sort of dynamlc abrasion test mlght work, In addition the potential
hazard present with the high pressure steam release made this
approech less attractive.

MORE RECENT CONSIDERATIONS

All Sf'the previoue research indicated a test procedure that
wouldfimérove upon the Soundhesa Test is not easily attained.

The ptiﬁary ahdrtcomings of the Soundnegs Test are the time
consumed in testing, high cost of the test and poor reproducibkbility,

Over the yeare varloue technical groups and individuals have
etruggled with flndlng ways of 1mprovmng the Sulfate Soundness Test
without much suceeas._

One df the chief causes of variation in test results of the
Soundneea Test has long been consgidered to be the small size

of the test eample. In_the larger aggregate sizes in particular,
the_fellure of only one or two particles can affect the test
results to a conaiderable degree,
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A larger test sample than that used for most of the ﬁfé&iously
considered tests was a primary condition for the rnext éttempt to
develop an alternative, The abrasive action of the]Dufébility
Index Test, together with some dynamic impact'appeared promising.
The next series of tests was designed'to utilize the basic concept
of the Durability Index Test, a larger, more representative sample
of aggregate, and soume vigorous dynamic action,

DETRITION VALUE TEST (DV) ~ 1972

The work in this part of tﬁé study was divided into thrae phases.
The first phase was the development of a new test, "Detrition
Value Test", and equipment. The second phase was to compare the
results obtained with the new test and results of the Sodium
Sulfate Soundness Test, using a selected number of aggregate
samples from areas of high soundness logs, The third phase
consisted of collecting and testing samples of aggregate through-
out the state and again comparing the test results with those of
the Sodium Sulfate Soundness Test. Preliminary considerations of
test sample size led to the selection of a 5 gallon paint bucket -
and a commercial paint shaker, This equipment is both relatively
cheap and available. ' ’

A Red Devil Model 33 Paint Shaker, a timer, and 5-gallon paint

buckets were prepared for the test program. In the first and-

sacond phasea of the test, the paint shaker was securely mounted
to a 500-1b steel plate, In Phase 3, it was bolted to a concrete
floor with a rubber bushing and anchors that were made for its
use as a paint shaker, (These different configurations are not
believed to have any significant effect on results,) The machine
was operated with the 5~-gallon bucket held in the horizontal
position. Figure 2 shows a plcture of the paint shaker and the
teating equipment. '

le
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5. “Figure 2
Basicaliy, éhe test sample is weighed, placed in the 5-gallon
bucket with water, and given a thorough agitation on the paiht
shaker. The sample is then sieved over the #4 sieve and the
retainea material is again weighed., The difference between
the inikial and final weight divided by the original weight

- x 100 is the loss.

- Two agg?egate sources were used in Phase 1 - Fair Oaks aggregate

from the Sacramento Area, and S.P. Milling Company material from
the Sa@%a Clara River near Ventura. The S$.P. Milling Company

materiai is processed through a heavy media plant. The samples

£rom thg latter source were supplied in three qualities: (1) pit
run, (2) beneficiated, and (3) rejected or float material.

17
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In developing the test procedure, one of the first considerations
was sample size. To determine the effects of the sample size,

a geries of tests was run using the following quantities retained
on a No. 4 sieve: 2500 grams, 5000 grams, 7500 grams, and 10,000
grams, The losses for these tests are plotted on Figures 3 and
4, It can be seen that as the sample size increased, the losses
generally decreased, A 7500-gram sample was selected for the
test, For this size sample,'the 2250 ml of water used is enough
to just cover the aggregate in the 5-gallon container., The space
left for sample movement appeared to be adequate. The loss for
these samples was determined as the amount of material passing the
No. 4 sieve.

After the sample size and the amount of water to be used were
selected, it was then necessary to determine the length of time
for the agitation of the sample and the effect of different times
on the results, Figures 5 and ¢ show the effect of agitation time-
on the DV loszaes, It can be seen from these figures that as the
agitation time is increased, the DV losses also increase. The
time of 30 minutes was selected as being a reasonable time for

the test while maintaining a substantial difference in measured
losses.

In Figures 3, 4, 5, and 6 it cén be seen that the "reject" or
"float" materxial in all cases had the greatest loss, the pit run
material had the next lower loss, and the Fair Oaks aggregate had
the smallest loss. The test method developed in Phase 1-is attached
as Appendix B,

Phase 2 involved measuring the responase of the adopted test method
te changes in the quality of the aggregate. In order to evaluate

the test responses, all samples were batched to the same grading
as shown in the following table:

18
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Sieve Sizes $ of Sample

1" x 3/4" 30
3/4" x 1/2" 30
1/2" x 3/8" ' 30
3/8" x No. 4 10

Both the Detxition vValue (DV)} and Sodium Sulfate Soundness tests
were run on two replicate samples prepared from each of the five
blends shown in the following table:

Composition, % No of Tests
Blend Beneficiated Reject pY  Na,so,
1 100 0 2 2
2 75 25 2 2
3 50 50 2 2
4 25 75 2 2
5 2 2

0 100

Graphs showing the percent weight loss versus percent beneficiated
aggregate for DV and Soundness Tests are shown in Figure 7. A line
was drawn connecting the averages of the two replicates.

Esgential statistical data are as follows:

Standard Error sy
of Estimate (sy) Range (R} R
bV .182188 2,58 .0706
Soundness 1.59883 19.0 - .0841
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The conclusion drawn from the above calculation of the gstandard
error divided by the range was that DV for the materials tested
is at least as good as the soundness test from the standpoint
of relative response versus consistency. While the result of
thig series of tests indicated a workable relationship between
the two testas, it will be shown later that when other types of
material are used, the relationship is not as good.

Phase 3 involved comparative DV and Soundness Testing on
duplicate samples from 16 aggregate sources located throughout
the state, to learn more about the applicability of the DV
test for statewide use.

Coarse aggregate in the two primary nominal sizes (1-1/2" x 3/4",
and 1" x No, 4), was sampled from 16 sources for a total of 32
test samples., Four test portions from each sample size were
pPrepared; two replicates were split in the "as received" condi-

tion for DV testing, and two replicates were batched for soundness

testing after the specimen had been Processed and graded.

The following table ghows how aggregate from 16 sourceg was
used to produce 64 test sampleas each for DV and Soundness Tests:

Number of sources 16

Nominal size (2) o 1-1/2" x 3/4" 1" x No. 4

Number of Test Samples leé 16

Test Run DV & NA2504 DV & NAZSO4
Replicates 2 2 2 2

Total Teats 32 32 32 32

Appendix C liats the Bources of the aggregates and the test
results, Figure 8 shows the soundness test losses versus the
DV test losses for these 16 aources,

20
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While there appears to be some correlation between DV and soundness
loss, there are many cases of relatively low soundness losses and
high_DV's. Thig may be a result of rOCk‘éharacter; i.a., brittle
and subject to breakage by detrition but resistant to breakdown

; by the Sodium Sulfate Solution action. No statewide application
is posspible until reasons for these anomalies are better under-
stood. The relationship should be more closely studied at the
specification limit of 10% as values below this limit are of less
concern. Testing errors are relatively large percentagewise,
at low loss values.

.CONCLUSIONE AND IMPLEMENTATION

Of the various approaches that were pursued to provide an adequate
gubgtitute for the sodium soundness test, the Detrition Value Test
appears to offer the most promise with certain aggregate types.

A special provision to the specifications implementing the use of
the Detrition Value Test where appropriate is proposed as follows:

"SOUNDNESS REQUIREMENT FOR COARSE AGGREGATE,--The soundness
requirement in the fifth paragraph of Section 90~2.02, "Aggregate",
of the standard Specifications will be waived for coarse aggregate,
provided that the Detrition Value, DV, of the coarse aggregate
as determined by Test Method No. Calif. 544, is or less for
individual test results and or less for the moving average.

Evaluation of test results shall conform to the provisions
in Section 6-3.02, "Statistical Testing", of the Standard

Specifications,

The application of this specification and the values used must

be based on a knowledge of the particular aggregate source and

a correlation of test results of the two tests involved.

Obwviously there are several test alterations that might be made to
improve correlation. For example it has been suggested that all
material prepared for the test should be retained on the 3/8 inch
sieve and losses still determined by material passing the No. 4
sieve, It has also been considered that the primary sizes

21
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shbui@ be farther dividéd into more fractions before testing, i.e.,
inateﬁd of putting all the 1 x No. 4 material in the 5-gallon
bucket, the 1" x 3/4", 3/4" x 1/2", 1/2" x 3/8", etc. should be
testéd geparately. Any future development work may include these
suggestions.
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APPENDIX A

AUTOCLAVE DEGRADATION LOSS
GENERAIL PROCEDURE

Scope

This teést causes degradation of aggregate particles by internal
steam pressures created by the quick release of pressure of an
autoclave containing the aggregate samples.

ecial Equipment

——

l.;' Autoclave conforming to the requirements found in ASTM
Deéignaﬁion: Cl51 and equipped with a quick pressure release
valve of one inch minimum diameter.-

2. Reinforced wire meshed baskets with covers that may be
securely latched. Shape and dimensions of baskets to be

such that several can be conveniently placed in autoclave.

Tehtative Procedure

l.i Prepare test specimen from each sieve size of material
as specified in Test Method No. Calif. 214.

2;? Place each specimen in separate basket and soak for a
miﬁimum of 18 hours.

3{ After soaking, immediately place in autoclave containing
eﬁbugh additional water to maintain an atmosphere of saturated
gteam vapor during the period of autoclaving process.
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"4.  Bring autoclave to desired pressure as prescribed in ASTM

Designation: Cl51 and maintain for 3 hours.

5. At end of 3-hour period, open pressgure release valve, then
remove autoclave head and test specimens.

8. Oven dry test specimens and determine weight loss as
prescribed in Test Method No. Calif. 214.

Test Results

Some typical test results of the Autoclave Degradation Loss Test
Method follows: B

The "A" designation signifies that the size fraction was
obtained from the 1-1/2" x 3/4" primary aggregate size, and the
"B" designation signifies that it was obtained from the 1" x
No. 4 size. "Full sSize", "Next Finer Size", and "Half Size",
refer to the loss on the lower size sieve of the fraction being
tested, the next finer size, and the nominal half size of the
fraction being tested, respectively.
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TRANSPORTATION LABORATORY

State of California Test Method No. Calif. 544-A

Department of Transportation December 5, 1974
Division of Construction & _ (5 Pages)
Research

2

METHOD OF TEST FOR DETERMINING THE
DETRITION VALUE (DV) OF COARSE AGGREGATE

Scope:

The Detrition Value (DV) indicates resistance to breakdown of
coarse aggregate when agitated in the presence of water.

Procedure:
A. Apparatus

1. Balance: A balance with a minimum capacity of 20,000
grams, sensitive to 1 gram, and accurate within 0.2%
of the total test specimen weight.

2.. Graduate: A graduated cylinder of at least 500 ml
capacity.

3. Sieves: A box sieve and rocker assembly having U. S.
Standard No. 4, 3/8-inch, and 3/4-inch sieves. BSee
Figure I for specifications and dimension of recom-
mended box sieve assembly. ‘

4. Sample container: Paint bucket, 5-gallon capacity,
with waterproof gasket equipped lid. Must be new,
or clean and in good condition so that a waterproof
seal can be obtained.

.5. Automatic timer.

6. Agitator: Model 33A (5033), paint conditioner manu-
factured by the Red Devil Company. Other types of
agitators are permissible provided the frequency,
amplitude, and orientation of the bucket arxre the same
as Model 33A (5033) and identical test results are
obtained. Fasten securely to the floor or clamp to a
base plate that weighs approximately 500 pounds.

7. Riffle splitter.

www . fastio.com
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Test Method No. Calif. 544-a"
December. 5, 1974 ,

B. Materlals
Water: Any potable water may be used. »
C. Preparation of Test Samples

If the coarse aggregate for use in portland cement
concrete is separated into two primary sizes, perform

a DV test:-on each. Obtain approximately 20,000-gram
samples from each primary coarse aggregate size stockpile.

D. Test Procedure

1. ”051ng ‘the box sieves and rocker assembly, sieve each
‘primary size aggregate sample over the No. 4 sieve.
To protect the No. 4 sieve, use the 3/4-inch and
- 3/8-inch sieves as covers. To prevent overloading of
"the sieves, process the sample in four or more portions.
" Recombine the retained No. 4 material from each portion.

2. “After sieving as in 1, split and adjust each primary
"'coarse aggregate sample to be tested to 15,000+400
‘grams. Split this adjusted sample to provide two
japprox1mately equal portions of the retained No. 4
_materials.

3. - Soak each of the 7500+ gram test portions for a minimum
‘of 30 minutes. (The Soaking period of the two portions
'will Have to be scheduled to comply with the time
“intervals specified in other sections of the test

- "method.) At the end of the scaking period, agitate
the sample while still lmmersed to remove any loosened

{flnes.

4, After soaking as specified in 3, place one of the
f7500+-gram test portions on the No. 4 sieve, tilt the
. sieve to approximately a 30° angle, and allow the
‘material to drain for a period of 5 minutes + 15 seconds.

5. ' Obtain and record the initial drained weight to the
; hearest gram.

6. “Place the 7500+ gram test portion in the sample con-
tainer and add™2250 + 20 ml of water. Place the cover
.on the container and clamp it in the agitator. Rotate
- the container so that it is horizontal at the midpoint
"+ of the cycle. Tighten the slip clutch and shake for 30
~minutes + 10 seconds.
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Test Method No. Calif. 544-a
December 5, 1974

7. Using the box sieves and rocker assembly, sieve the
tested material over the No. 4 sieve as in Step 1.
To prevent overloading the sieves, process the material
in at least two portions. Immerse the sample in water
and agitate to remove any loosened fines,

8. Recombine all retained No. 4 material on the No. 4
sieve, tilt the sieve to approximately a 30° angle, and
allow the material to drain for a period of 5 minutes +
15 seconds.

9. Obtain and record the final drained weight.

10. Test the second 7500+ gram portion by the same procedure
+ as above.. -

E. Calculations
l. Calculate DV:
Original drained weight -

DV = Final drained weight X 100
Original drained welght

2. Report the DV as the average values of the two 7500+ gram
portions of the sample,

3. If the DV loss on either primary coarse aggregate size
exceeds the maximum allowable moving average loss by
not more than two percentage points, it is permissible
to calculate a "Batch DV Loss" for the coarse aggregate,
This will allow a low loss on one prlmary size to compen-
sate for a higher loss on another primary size in deter-
mination of spec1f1catlon requlrements. If either primary
size exceeds the maximum allowable moving average loss
more .than two percentage points, that primary size is
considered to fail the specification requirement.

The Batch DV Loss shall be calculated on the weighted

average basis shown below regardless of the actual
proportions to be used.
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2-1/2 in. Maximum

2-1/2 x 1-1/2~in. ——————— - 34% i
1-1/2 x 3/4-in. - --—  33%
1_ina X No. 4 —————— ——— —— i 33%

1~1/2-in. Maximum

1-1/2~in. x 3/4-in. ———---memw————- 67%

l1-in. x No. 4 o o e e 2 33%
 “Example:
Primary Weighted %
- Aggregate DV loss to be Used
1-1/2 x 3/4-in. 6 67 X 0.01 = 4
l1-in. x No. 4 lo0. 33 : X 0.01 = 3.3
3

Batch DV Loss 7.

In the event that only one primary sized coarse aggregate is

to be used (lwlnch maximum concrete), the average DV loss

determlned in 1 above, shall not exceed the specified maximum.
F;‘ Precautlons:

‘check the oil level in the agitator gear box at frequent

:1ntervals. Maintain the level above the black line on the
0il gauge window with SAE 20 oil.

Attaéhment

End of Test Method No. Calif. 544-A
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' APPENDIX C )

L

Detrition Value vs. Sodium Sulfate Soundness LoSs

' Various California Sources

0 : s 1-1/2"x3/4"% : 1" x :
: Source : . : Wet : : Wet : :
: Number : Name of Source : DV : NasS04 : DV : s
: ‘1  : Mercer Fraser, Essex : 7.6 : 8.0 : 2.7 : :
s : : : 4.6 ¢ 7.0 = : :
: 02 : Shirley Gundlack, : : : : ;
: : Eel River : 6.6 : 4.0 : 4.9 : :
: 3 : :Eureka Sand & Gravel § ——— -—— : 3.9 : :
: "4 : Cotton Creek, Hornbrook: 5.3 :. 3.0 : 6.0 : :
: '5 & Teichert, Truckee .1 7.5 : 3.5 : 6.6 : :
: .6 : Rhodes & Jdamieson, : 3 s : :
: : Pleasanton : 7.7 3 1.0 =+ 5.0 : :
: 7 : Granite Rock, Aromas : 6.4 : 2.0 : 5.0 : :
: 8 : Cal Rock, Oildale : 5.4 : 3.5 : 5.0 : :
T 9 : Star Rock, Irwindale : : s : :
: : {(Owl Rock, Santa 2Ana) : 7.8 : 3.5 : 5.4 : :
s 10 : Con Rock, Sun Valley : 8.6 3.0 3 6.5 : :
11 : Con Rock, Saticoy 2 6.4 5.0 : 7.3 : :
+ 12 : Gillibrand, Tapo Can- : : : : :
: : yon : : 7.0 : 6.0 : 6.4 : :
: 13 : Con Rock, San Juan : : z : :
T : Capistrano : 4.5 : 3.0 : 4.0 : 3.5 :
: 14 : Flintkote, Snelling : 3.2 : 1.0 : 1.8 = 1.0 :
: 15 : Con Rock, Mission Vly : 2.6 : 1.0 : 3.0 : 2.5 2
: 16 : Fenton, Otay : 3.4 : 2.5 : 4.1 : 3.5 :
* Average of 2 tests _

** Also designated as 3/4" x No. 4

o
o c-1

i
i
3
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